Rubella virus (RUBV) usually causes a mild exanthematous disease that is frequently accompanied by adenopathy and occasionally by arthralgia. Complications of this infection are rare and include encephalopathy and thrombocytopenia. However, the most severe consequence of this virus is its teratogenicity. It can cause congenital rubella syndrome (CRS) when it occurs in pregnant women, particularly during the first trimester of pregnancy (10) .
The direct detection of RUBV RNA in clinical specimens, in addition to the detection of RUBV-specific immunoglobulin M, is a critical factor in the early laboratory diagnosis of recent or congenital infection (18, 27) . Currently, the European region of the World Health Organization (WHO) aims to eliminate not only measles but also rubella and to reduce the incidence of CRS to less than one case per 100,000 live births by 2010 (38, 39) . For this purpose, epidemiological surveillance based on the laboratory diagnosis of each suspected case and the characterization of the genotype of the circulating strains are included in the WHO's recommendations. In the most recent WHO update, the standard nomenclature for the classification and designation of wild-type RUBV strains recognizes nine definitive and four provisional genotypes (40), expanding the nomenclature established in 2005 (37) , which was based on 739 nucleotides (nt) (nt 8731 to 9469) from the E1 gene sequence. This sequence encodes amino acids (aa) 159 to 404 (of the 481 aa) of the E1 glycoprotein. Although our knowledge of the geographic distribution of RUBV genotypes has grown substantially since 2003, the genotypes present in many countries and regions remain unknown (9) , even though rubella is still recognized as a globally important disease in a general public health context (41) . RUBV is considered monotypic with cross-neutralization among different genotypes.
In Spain, monovalent RUBV vaccine was introduced in the late 1970s, when it was administered in schools to 11-year-old girls (1) . In 1981, one dose of the measles-mumps-rubella combined vaccine was introduced in the regular immunization schedule at the age of 15 months for all children. In 1996, a second dose at 11 years of age was introduced (5) . In 1999, this second dose was given to 4-year-old children (3) . Currently, the seroprevalence of RUBV in the community of Madrid exceeds 95% in all age groups and reaches 98.6% among women of childbearing age (16 to 45 years) (4) . Nevertheless, the pattern is very different in other regions around the world and RUBV infection remains endemic in many areas, such as Latin America (15) . The rubella vaccine was only introduced in Latin American countries in the late 1990s, so that many adult immigrants to Spain are not immunized. These circumstances led to a small outbreak in Madrid in 2003 (31) and a larger one in 2004 and 2005 (2, 27) among Latin American immigrants. The main aim of this study was to characterize the RUBV strain involved in the latter outbreak, which represents the first data concerning RUBV genotypes in Spain.
MATERIALS AND METHODS
Virus strains. The RA27/3 RUBV vaccine strain was used for standardization and as a positive control (Beecham, Madrid, Spain Specimens were collected and processed in accordance with WHO recommendations (39) .
Isolation in cell culture. Isolation was performed as previously described (26), with Vero and fetal lung fibroblast cell lines. Inoculated tubes were monitored for a cytopathic effect (CPE) twice a week. After 7 days without a CPE, the culture supernatant was harvested and used to inoculate fresh monolayers. All tubes showing or not showing a CPE after the second passage (7 days) were monitored for the presence of RUBV by immunofluorescence assay with an RUBV-specific monoclonal antibody (mouse anti-rubella monoclonal antibody; Chemicon International, Inc., CA), followed by final immunostaining with fluorescein-labeled anti-mouse conjugate (anti-mouse immunoglobulin G-fluorescein isothiocyanate conjugate; Sigma-Aldrich Chemie, Steinheim, Germany). Furthermore, cell supernatants were analyzed by multiplex RT-PCR for exanthematic viruses, including RUBV (26) .
Primer design. Primers were designed to cover the window of 739 nt for the gene coding for E1 as recommended by the WHO (nt 8731 to 9469) (37) . This gene sequence encodes aa 159 to 404 of the E1 glycoprotein. Genomic sequences of the RUBV E1 glycoprotein-encoding gene were taken from GenBank (September 2007) and aligned by the ClustalW method available in the BioEdit 7.0.9 and MEGA v4.0 (32) programs. Alignments were used for primer design (Fig. 1) . The forward primer of the first reaction and the forward and reverse primers of the nested reaction were modified from the primer sequences provided by Joe Icenogle (Centers for Disease Control and Prevention Rubella Laboratory team leader), while the reverse primer of the first reaction was designed especially for the present work. Primers were synthesized by a commercial service (SigmaAldrich Chemie, Steinheim, Germany).
RT and amplification.
Total nucleic acids were extracted from samples by using the external lysis protocol on a MagNA Pure LC automatic extractor (Roche, Mannheim, Germany) for clinical specimens. Manual extraction (8) was used for cell culture supernatants. RT-PCR was performed with the Access RT-PCR System kit (Promega, Madison, WI). The extract was added to a PCR mixture composed of 2.5 mM MgSO 4 , 500 M each deoxynucleoside triphosphate (dNTP), 0.5 M each RUBV-specific first-reaction primer (Fig. 1) , 10 l of avian myeloblastosis virus-Tfl 5ϫ reaction buffer, 5 U of avian myeloblastosis virus reverse transcriptase, 10 l of betaine 5 M (Sigma-Aldrich Chemie, Steinheim, Germany), and 5 U of Thermus flavus DNA polymerase (final volume of 50 l). After the RT step of 45 min at 48°C and denaturation for 2 min at 94°C, the reaction mixtures were incubated for 30 cycles of 94°C for 1 min, 62°C for 1 min, and 72°C for 1 min, followed by 72°C for 5 min.
For nested reactions, 1 l of the primary amplification products was added to 49 l of a fresh PCR mixture containing 3 mM MgCl 2 , 500 M each dNTP, 1 M each nested instead of primary reaction primer (Fig. 1) , 5 l of 10ϫ PCR buffer II (Applied Biosystems, CA), 10 l of betaine 5 M (Sigma-Aldrich Chemie, Steinheim, Germany), and 0.25 U of Taq DNA polymerase (Applied Biosystems, CA). After denaturation for 2 min at 94°C, the reaction mixtures were incubated for 30 cycles of 94.7°C for 1 min, 57°C for 1 min, and 72°C for 1 min, followed by 72°C for 5 min. The MgCl 2 , dNTP, and primer concentrations were selected for both primary and nested amplifications on the basis of the results of standardization experiments and hybridization and denaturation temperatures. The PCR products were resolved on a 1% agarose gel and visualized by ethidium bromide staining. The expected band size was 875 bp for RUBV.
Sequencing. PCR products were purified as described previously (28) . Purified products were sequenced in both directions with a Big Dye Terminator v.3.1 cycle sequencing kit (Applied Biosystems, CA) on an automatic sequencer (ABI Prism 3700 DNA sequencer; Applied Biosystems, Foster City, CA). The protocol incorporated betaine 5 M (Sigma-Aldrich Chemie, Steinheim, Germany) to minimize failures associated with the GC-rich template. The nested PCR primers were used as sequencing primers. Sequencing was repeated in cases of nucleotide ambiguity.
Sequence analysis. Sequences were assembled with the SeqMan tool available in the Lasergene 7.0 program. The nucleotide sequences were aligned by the ClustalW method of BioEdit 7.0.9. Phylogenetic analysis was done with the MEGA v.4.0 program (32), adopting the neighbor-joining Kimura two-parameter distance method for 1,000 replicates. It was based on the 739 nt of the E1 gene sequence, which is the minimum acceptable window defined by the WHO (37). Reference sequences (40) were included in each analysis. 
RESULTS
Fifteen viruses from nasopharyngeal exudates and two from urine were isolated and are available for further study (see Table S2 in the supplemental material). Strains were named by following the WHO nomenclature for RUBV (37) . The sequences obtained from these isolates were identical to those of the original samples. Sixteen belonged to cluster one, and the remaining one (577 A) belonged to cluster 4 (see below).
Genotyping. The homology observed among all of the sequences from the outbreak and the reference strains ranged from 97.8 to 98.2% for 1j and from 89.5% (2a) to 96.8% (1b) for the other genotypes (see Table S3 in the supplemental material). All of the sequences of the outbreak strains formed a well-supported cluster in the distance tree (Fig. 2) and grouped with the 1j reference strains with a significant bootstrap value of 88. These results together allow the strain causing the outbreak to be assigned to genotype 1j.
Sequence analysis. Four clusters and three sequences that did not fall within any group were identified within the outbreak (Fig. 2) . Identical groups were obtained by the minimum-evolution method and the unweighted-pair group method using average linkages with the same Mega v. 4.0 program, as well as by Bayesian inference with the Mr. Bayes program (data not shown). Patients in cluster 4 (577A, 581E) lived in the same area, first exhibited symptoms in the same week, and had the same maternal family name (although we have no direct evidence that they were related). No other significant correlations with epidemiological characteristics were found in other clusters.
The sequences in this study showed 28 variable positions with respect to vaccine strain RA27/3, 5 of them nonsynonymous. Three of these variations were present in all of the sequences, i.e., Y211H, V378L, and L339S, the last one located in a region that could be involved in the induction of proliferative responses of T-cell lines (29) . Sequence 277E was present in 30 (75.0%) of the 40 sequences analyzed (Table 1 ; Fig. 2 ) that formed cluster 1. This strain seems to be the originally imported one since it was present in the first detected case, and no other sequence was found until week 8 (Table 1) . Interestingly, the two sequences from the CRS cases also contained this strain. Cluster 2 (sequences 856E and 1247E) had one additional variable nucleotide at position 178, the third base of the codon, and remained silent. Cluster 3 (sequences 825E, 837E, and 896E) had one additional variable nucleotide at position 328, which remained silent, and sequence 837E had one additional variable nucleotide at position 704 which affected the first base of the codon, causing a change in amino acid T394S. This amino acid maps within an immunoreactive region (11, 14, 25, 33) . Cluster 4 (577A and 581E) contained one additional variable nucleotide at position 247, which remained silent. Finally, sequences 701E, 719E, and 888E had particular nucleotide variations, but only sequence 701E showed the G253C amino acid alteration. This amino acid is also located in an immunoreactive region (11, 14, 25, 33) . In summary, 18 (85.7%) of the 21 specific mutations occurred at codon position 3 and remained silent. Of the three nonsynonymous mutations, two occurred at position 2 and one occurred at position 1 of the codon, leading to changes in the amino acid sequence.
DISCUSSION
In this report, we present the first data on RUBV genotypes in Spain in the context of an outbreak that involved a mainly nonvaccinated population from Latin America, as well as Spanish males (2) born before the introduction of the measlesmumps-rubella vaccine in the early 1980s (2) . As the index case is unknown, the geographical origin of the outbreak remains unknown. It is unlikely that the origin was Latin American because the only information about the circulation of RUBV at the time of the outbreak corresponded to genotype 1C (36) . Data concerning genotype circulation in Europe during these years showed genotypes 1E, 1G, and 1D (36) . Genotypes 1E and 1G circulated in Belarus in 2004 and 2005 (17) , and genotype 1E circulated in Poland in 2007 (22) . Furthermore, recent findings about RUBV circulation in 2007 in Africa corresponded to genotypes 1E in Morocco, 1G in Uganda and Cote d'Ivoire, and 2B in South Africa (7). All of the published sequences of genotype 1j came from Japan and the Philippines (40), but we do not have any epidemiological evidence linking the outbreak with the Far East. Consequently, this is the first report, to our knowledge, of the detection and isolation of genotype 1j in Europe. Considerable additional effort in RUBV genotyping is needed worldwide to obtain enough data and available sequences to reach consistent conclusions about global RUBV circulation, as is the case for measles virus in Europe (21) .
Our results indicate that only one genotype circulated during this outbreak, in contrast to the three (1E, 1G, and 1D) that were circulating in the city of Minsk during the outbreak in Belarus (17) . This can be explained by the difference in the lengths of the vaccination programs in Minsk, where rubella vaccination was introduced in 1996 (17) , and Madrid, where the universal program started in 1981 (1). The earlier introduction of the vaccine in Madrid could account for a smaller susceptible population, which would make the simultaneous establishment of three genotypes unlikely. Additional studies of RUBV genotype circulation in areas with low or no vaccine coverage are needed to clarify this matter.
The strain causing this outbreak showed a characteristic amino acid change (L339S) with respect to vaccine strain RA27/3 that could be involved in the induction of proliferative responses of T-cell lines (29) ; however, vaccine failure was not observed. The nucleotide sequence of this strain seemed to remain invariable in the region studied during the first 19 weeks of the outbreak. However, two additional mutations in amino acids in immunoreactive regions (6, 23, 24, 29, 35) of the E1 glycoprotein arose subsequently, although signs of positive selection events were not observed. The E1 glycoprotein has an important role in attachment to the cell and contains important neutralization epitopes (10) . Further studies of the biological properties and especially of the degree of neutralization of these strains by vaccineinduced antibodies are required. The proportions of synon- ymous and nonsynonymous mutations were similar to those reported by other authors (6, 16, 17, 19, 30) , confirming that RUBV is very stable compared with some alphaviruses and other RNA viruses, such as poliovirus and human immunodeficiency virus (12, 13, 20, 34) . Additional research into the short-term evolution of RUBV in the context of outbreaks seems necessary in the light of these results.
In conclusion, this is the first characterization of an RUBV genotype causing an outbreak in Spain that has involved the circulation of a single genotype (1j). However, it could not be linked to any other concomitant circulating strain in the world due to the paucity of available data on RUBV genotypes. Further studies like this are necessary to obtain a more accurate picture of the global distribution of RUBV genotypes. Such information would allow outbreaks to be managed better and enable the effectiveness of the elimination effort to be monitored, as has been done with measles virus.
